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Fig. 2
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Fig. 3
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1
COMMUNICATIONS SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for trans-
mitting and receiving image data, voice data, and other
supplementary data over a network, and more particularly to
a communications system capable of maintaining the real
fime requirement of such data.

2. Description of the Related Art

In recent years, with increasing performance of micro-
computers and the advent of OSs equipped with networking
capabilities, coupled with increasing speeds of peripheral
interfaces and increasing performance of computers, dra-
matic changes have been occurring in the field of computers,
particularly personal computers and work stations, these
changes entailing changes in information that computers
handle. Earlier, information handled by computers was
character code, such as ASCII and JIS, but gradually
expanded to include graphics and the like 1n the field of
CAD, and nowadays, handling of multimedia mnformation
such as moving 1mages and voice 1S Increasing in 1mMpor-
tance. The most notable feature of multimedia mformation 1s
that information occurs continuously in real time
(hereinafter referred to as the real time requirement). On the
other hand, with the spread of high-speed wide area
networks, networks are being commercially implemented
that store and manage such multimedia data and that have
fast data transfer rates that enable such data to be launched
into the networks.

What characterizes such networks 1s that when transmit-
fing signals having the real time requirement over the
network, the transmitting end must send out data not later
than the time expected at the receiving end.

One example of a network suitable for multimedia com-
munications is the ATM (Asynchronous Transfer Mode)
network. With ATM, transmission systems capable of 156
Mbit/s, for example, have been commercially implemented.
ATM specifications are being discussed and standardized by
the ITU-T (International Telecommunications Union-
Telecommunication Standardization Sector), the ATM
Forum, etc., and many related books have been published.
Besides ATM, there are other techniques, such as 100-Mbps
Ethernet (100BASE-T) and Fiber Distributed Data interface
(FDDI), that can provide fast transmission capabilities of
100 Mbit/s or higher and can achieve multimedia informa-
flon communications. With slower versions of Ethernet
(IEEE 802.2, IEEE 802.3) also, since switching hubs are
now readily available, each terminal connected to the
switching hub 1s capable of a transmission rate of about 10
Mbit/s and 1s therefore able to transmit real time signals that
do not require data rates higher than that. In the Internet also,
signals having real time requirements, such as videoconfer-
encing and Internet telephone signals, are being transmitted.

Prior art examples of communications systems for real
fime signals are disclosed, for example, in Japanese Patent

Unexamined Publication Nos. 7-170502, 7-170503,
7-170290, 7-170291, 7-170504, and 7-170292.

Japanese Patent Unexamined Publication No. 7-170502
discloses a system in which, when the amount of video or
voice data 1n a buffer memory at the receiving end exceeds
an upper limit value or drops below a lower limit value, the
buffer memory 1s controlled 1in such a manner as to discard
portions of the video or voice data other than critical
portions thereof.
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Japanese Patent Unexamined Publication No. 7-170503
concerns a system in which, when the amount of video or
voice data 1n the buffer memory at the receiving end exceeds
an upper limit value or drops below a lower limit value, the
clock rate for buffer read 1s adjusted.

Japanese Patent Unexamined Publication No. 7-170290
describes a system in which, when the amount of voice data
in the buifer memory at the receiving end exceeds an upper
limit value or drops below a lower limit value, a control
signal 1s sent to alert the transmitting end, and at the
transmitting end the clock rate for memory read 1s adjusted.

Japanese Patent Unexamined Publication No. 7-170291
proposes a system 1n which, when the amount of voice data
in a buifer memory at the transmitting end exceeds an upper
limit value or drops below a lower limit value, video and

volice data 1n the buffer memory are discarded.

Japanese Patent Unexamined Publication No. 7-170504
provides a system 1n which a frame buffer 1s placed 1n front
of the buffer memory at the transmitting end and, when the
amount of data in the buffer memory exceeds an upper limit
value or drops below a lower limit value, the amount of data
1s adjusted by adjusting the clock rate of the frame buifer
memory.

Japanese Patent Unexamined Publication No. 7-170292
discloses a system 1n which, when the amount of voice data
in the buffer memory at the transmitting end exceeds an
upper limit value or drops below a lower limit value, the
clock rate for memory read 1s adjusted, and when the amount
of voice data 1n the buffer memory at the transmitting end
exceeds an upper limit value or drops below a lower limait
value, the amount of communication is controlled by chang-
ing the compression ratio.

However, the prior art systems disclosed 1n Japanese
Patent Unexamined Publication Nos. 7-170502, 7-170503,
7-170290, 7-170291, 7-170504, and 7-170292 have had the
problem that the system size increases because of the
provision of exftra circuitry such as a circuit for measuring
the amount of buffer contents, a circuit for manipulating the
discarding of buffer contents, a circuit for judging math-
ematical operations, and a circuit for specilying compres-
sion parameters necessary for obtaining the desired image
compression ratio.

Furthermore, since the degree of network congestion
varies over time, there can occur cases where data cannot be
handled at one or more exchange points, etc. resulting 1n
overtlow. Generally, when a network falls into such a
condition, the amount of transmaission 1s reduced to alleviate
the condition. The above prior art systems have had the
problem that, when the transmission capacity 1s restricted, it
becomes impossible to maintain the real time requirement of
real time signals or 1mage quality degrades more than
necessary.

The present invention has been devised to overcome the
above-outlined problems, and it 1s an object of the invention
to provide a communications system that 1s simple 1in
conflguration and that, when transmitting digital data having
a real time requirement such as a moving image (video)
signal or voice signal, ensures transmission of all frames
without compromising the real time requirement of the data.

SUMMARY OF THE INVENTION

To resolve the above problems, the present invention
provides a communications system for communication of a
real time signal having a real time requirement, comprising:

real time signal generating means for generating the real
time signal of data rate R;
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real time signal transmit buffer means for temporarily
storing the real time signal;

real time signal transmitting means for transmitting the
real time signal;

fransmission means, having a transmission rate C (C>R),
over which the real time signal 1s transmitted;

real time signal receiving means for receiving the real
time signal transmitted from the real time signal trans-
mitting means over the transmission means;

real time signal receive buffer means for temporarily
storing the real time signal received by the real time
signal receiving means; and

real time signal outputting means for outputting the real

time signal stored 1n the real time signal receive buifer
means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the configuration of a
communications system according to a first embodiment of
the present invention;

FIG. 2 1s a flow chart illustrating a control program 1in a
transmitting terminal 102 according to the first embodiment
of the 1nvention;

FIG. 3 1s a flow chart illustrating a control program 1in a
receiving terminal 103 according to the first embodiment of
the 1nvention;

FIGS. 4a—4b arc conceptual diagrams showing a frame
data buffer used 1n the first embodiment of the invention;

FIG. 5 1s a timing chart showing the operation in a normal
condition according to the first embodiment of the invention;

FIG. 6 1s a timing chart showing the operation in a
congested condition according to the first embodiment of the
mvention;

FIGS. 7a-7b are diagrams showing a TCP segment for-
mat;

FIG. 8 1s a diagram showing the configuration of a
communications system according to a second embodiment
of the present 1nvention;

FIG. 9 1s a diagram showing the configuration of a
communications system according to a third embodiment of
the present invention;

FIG. 10 1s a flow chart illustrating a control program in a
transmitting terminal 102 according to the third embodiment
of the invention;

FIG. 11 1s a flow chart illustrating a control program in a
receiving terminal 103 according to the third embodiment of
the 1nvention; and

FIG. 12 1s a diagram showing the configuration of a
communications system according to a fourth embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiments of the present invention will
be described below with reference to the accompanying
drawings.

The real time signal contemplated by the present inven-
fion can be applied to any signal having a real time
requirement, such as a moving 1mage signal or a voice
signal, but in the embodiments of the present invention, a
digitized moving 1mage signal 1s taken as an example of the
real time signal, unless otherwise stated.

Further, the present invention i1s applicable regardless of
the quality of the transmitted moving 1image which 1s deter-
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4

mined by the number of samples i1n the horizontal and
vertical directions relating to the resolution of the moving
image or by whether compression 1s applied or not and, 1f
compression 1s applied, then by the type of compression
applied. That 1s, the present invention 1s applicable regard-
less of the bit rate of the transmitted real time signal.

In the embodiments of the present invention, an 1mage
signal employing the sampling method and compression
method used 1n VI'Rs manufactured to the DVC standard 1s
taken as an example.

DVC 1s an acronym for Digital Video Cassette, and the
DVC standard was agreed upon by the HD Digital VCR
Consortium. This standard 1s described, for example, 1n a
magazine “National Technical Report”, Vol. 41, No. 2, April
1995, pp. 152-159. In the embodiments of the present
invention, the NTSC signal compliant with the DVC stan-

dard 1s taken as an example. According to the method
defined by the DVC standard (NTSC signal), the data bit rate

is 28.8 Mbit/s (hereinafter described as 28.8 Mbps).

Any transmission means may be used as long as 1t has a
transmission capacity greater than the bit rate of the real time
signal used, but in the embodiments of the present invention,
an ATM network having a transmission rate of 156 Mbit/s 1s
used as the transmission means; further, as a network
protocol, a scheme called IP over ATM 1s used that 1s defined
i RFC 1577 and that realizes a virtual IP network, and as
higher layer protocols, TCP/IP (Transmission Control
Protocol/Internet Protocol), now the standard suite of pro-
tocols for the Internet, 1s used in the examples described
herein.

Generally, the lowest level 1n a communications network
provides unreliable packet delivery. If a transmission error
occurs that affects the data, or if the network load becomes
too heavy to be handled properly, packets may be lost or
destroyed. In a network that dynamically routes packets, the
packets may be delivered out of order, may be duplicated, or
may even arrive after a large delay. Therefore, at the highest
level, programmers are required to mcorporate error detec-
fion and recovery into application programs to achieve
transmission of large volumes of data.

TCP/IP uses the basic technique called the positive
acknowledgement with retransmission to provide reliable
transmission. This technique requires that the receiver com-
municate with the sender and return an acknowledgement
(ACK) message cach time data is received. The sender
maintains records of each transmitted packet, and sends the
next packet after an acknowledgement arrives. The sender
also activates a timer when sending a packet and, 1f the timer
has timed out before arrival of an acknowledgment, retrans-
mits the packet.

The transfer unit used by TCP 1s called a segment. FIG.
7(a) illustrates the TCP segment format. Each segment is
divided into two areas, the header and the data area. The

header 1s known as the TCP header and carries expected
identification and control information. The SOURCE PORT

field and the DESTINATION PORT field contain the TCP
port numbers 1dentifying application programs at both ends
of the connection. The SEQUENCE NUMBER field iden-
fifies the position 1 a byte stream of the sender’s data
contained 1n the segment. The ACKNOWLEDGEMENT
NUMBER ficld identifies the beginning of the sequence
number expected to be received next (the next octet to be
received). Since the TCP header length varies depending on
the options selected, the HLEN field indicates the offset of
the data area in the segment. The six-bit field labeled
RESERVED is set aside for future use. The TCP segment
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may be used to carry a connection setup or connection clear
request or to carry only an acknowledgement or data. The

six-bit field labeled CODE BITS 1s used to determine the
purpose and contents of the segment. More specifically, the
CODE BITS field dictates the way how the other fields in the
header are to be interpreted 1in accordance with the table
shown in FIG. 7(b). The WINDOW field tells the amount of
data the receiving end 1s willing to accept, by specitying the
buffer size each time a segment 1s sent. Data that needs
immediate processing 1s called urgent data. If the urgent
code bit 1s on, that means that this segment contains urgent
data. The URGENT POINTER ficld carries a pointer that
indicates the position where the urgent data ends. The
CHECKSUM field in the TCP header contains an integer
checksum used to verify the integrity of the TCP header and
the data. The OPTIONS field 1s used for expanded TCP
specifications, for example, but 1t 1s usually used to notily

the remote end of the maximum receivable segment size.

As previously described, TCP/IP uses the technique called
the positive acknowledgement; however, 1n a simple posi-
five acknowledgement protocol, since transmission of the
next packet has to wait until a positive acknowledgement for
the previous packet 1s received, the available bandwidth of
the network 1s wasted. To address two important problems of
ciiicient transfer and flow control, TCP uses a special
mechanism called a sliding window. In this method, a
fixed-length window 1s set 1n the sequence, and all packets
inside the window are transmitted at a time. For example, 1n
a sliding window protocol of window size 8, the sender 1s
allowed to transmit eight packets before an acknowledge-
ment 1s recerved. After the sender receives an acknowledge-
ment for the first packet, the sender slides the window and
sends another packet. The window continues to slide as long
as an acknowledgement 1s received. In this case, the number
of packets that may be remaining unacknowledged at any
orven time 1s limited by the window size, and is restricted to
a small predetermined value. Further, when the remaining
capacity of the receiving buffer becomes low, for example,
the amount of data being transmitted from the remote end
can be reduced by reducing the window size value. TCP
performs flow control by using this value.

There are two major causes for the loss of a TCP segment
transferred over a network. One 1s a sporadic error. This,
however, 1s not common 1n LANs and WANs where line
quality 1s good. The other 1s the existence of a bottleneck
such as a low-speed line or low-processing capacity router
in the path through which the TCP segment 1s carried. A
condition 1 which a critical delay 1s caused by overload
with datagrams at one or more exchange points such as
routers 1s called congestion. Once congestion occurs, the
delay increases and the router begins to queue datagrams
until they can be routed out. In the worst case, the total
number of datagrams arriving at the congested router
reaches the limit of the router’s capacity and the router
begins to drop datagrams. Usually, an end point has no
detailed 1dea of where and how the congestion has occurred,
and the congestion simply manifests itself as an increased
delay at the end point. The increased delay, in turn, causes
the transport protocol to request retransmissions due to
timeouts, further increasing the tratfic on the network and
exacerbating the congestion. This condition 1s called con-
gestion collapse.

To avoid congestion collapse, in TCP 1t 1s recommended
to use two techniques, slow start and multiplicative decrease
congestion avoidance.

In multiplicative decrease congestion avoidance, a second
restriction called a congestion window 1s provided to control
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congestion, and anytime, TCP compares the receiver’s win-
dow size (buffer size) with the congestion window size and
uses the smaller window 1n transmission. Each time a
secgment loss 1s detected, the congestion window size 1s
reduced by one half (the minimum value is 1 segment) and
the timeout interval 1s doubled. This strategy provides a
quick and significant decrease 1n traffic and allows a sufli-
cient time to clear the datagrams already queued at the
router.

When it 1s determined that the congestion has ended, TCP
initializes the congestion window to 1, sends the first
segment, and waits for an acknowledgement. Thereafter, the
congestion window 1s 1ncreased by one segment each time
an acknowledgement arrives. This technique 1s called slow
start.

To prevent the window size from increasing too rapidly
and thereby causing congestion again, TCP provides a still
another restriction. That 1s, when the congestion window
size reaches one half of its original size, TCP enters a
congestion avoidance stage and reduces the increasing speed
of the congestion window size. During the congestion avoid-
ance period, the congestion window 1s 1ncreased only by 1
even 1f the acknowledgements for all the segments 1n the
window are received.

The above has described the process in TCP from the
occurrence of congestion to the recovery from the conges-
tion. While this process 1s 1n progress, the network can only
transmit data at a lower transmission rate than 1its actual
transmission capacity and imposes extra loads on end points.
This presents a problem, especially when transmitting real
time signals. That 1s, the real time signals cannot be deliv-
ered 1n time and the real time requirement 1s 1mpaired.

In the present invention, the number of frames of a real
fime signal accumulated 1n advance at the receiving end can
be applied to any signals having real time requirements. In
the embodiments of the present invention, description will
be given by taking a digitized moving 1mage signal as an
example, unless otherwise stated.

(Embodiment 1)

FIG. 1 shows a system conflguration according to a first
embodiment of the present invention. In FIG. 1, reference
numeral 101 1s a camera for capturing a moving 1image, 102
1s a transmitting terminal, 103 1s a receiving terminal, 104 1s
an ATM switch, and 105 1s a monitor.

In the transmitting terminal 102, reference numeral 106 1s
a DVC encoder for applying DVC compression, 107 1s a
CPU, 108 1s a transmit memory for temporarily storing
transmit data and a control program for the transmitting
terminal 102, 109 1s a memory controller for controlling the
transmit memory 108, 110 1s an ATM network interface card
(ATM-NIC), and 111 is a PCI bus.

In the receiving terminal 103, reference numeral 112 1s a
DVC decoder, 113 1s a CPU, 114 is a receive memory for

temporarily storing received data and a control program for
the receiving terminal 103, 115 1s a memory controller for
controlling the recerve memory 114, 116 1s an ATM network
interface card (ATM-NIC), and 117 is a PCI bus.

The operation of the thus conficured communications
system will be described below.

First, in the transmitting terminal 102, the moving image
signal from the camera 101 1s mput into the DVC encoder
106 where DVC compression 1s applied on a frame by frame
basis. Since the NTSC signal consists of 30 frames per
second, data for 30 frames per second 1s obtained in the
embodiment of the present invention. The DVC data output
from the DVC encoder 1s stored frame by frame in the

transmit memory 108 via the PCI bus under the control of
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the memory controller 109. Then, the DVC data stored 1n the
transmit memory 108 1s transferred to the ATM-NIC 110 via
the PCI bus.

With the above-described processing in the transmitting
terminal 102, the moving image data from the ATM-NIC 110

1s transmitted over the ATM network to the receiving
terminal 103 via the ATM switch 104.

Next, processing at the receiving terminal 103 will be
described.

First, at the receiving terminal, the data received by the
ATM-NIC 1s stored 1n the receive memory 114 via the PCI
bus. The DVC data stored in the receive memory 114 1s then
transferred frame by frame to the DVC decoder 112, where
the compressed 1mage data 1s decoded 1nto a decompressed
image signal, which i1s output to the monitor 1085.

In FIG. 1, the DVC encoder 106 and the DVC decoder
112 operate with clocks of the same frequency.

Next, the processing at the transmitting terminal 102
described with reference to FIG. 1 will be explained from
the standpoint of the control program with reference to FIG.
2.

FIG. 2 1s a flow chart of the control program of the
transmitting terminal 102. This program 1s stored in the
memory 108 and executed by the CPU 107.

The control program of the transmitting terminal 102
executes two threads, an 1nput thread and a transmait thread,
in time division fashion to accomplish the transmitting
process. At this time, a transmit buifer 1s used to temporarily
store the DVC data, and the transmit buffer 1s accessed 1n
accordance with an input pointer pointing to the storage
location (address) where data is to be stored and a transmit
pointer pointing to the storage location (address) where data
to be transmitted 1s stored. The transmit builer i1s
implemented, for example, as part of the memory 108.

The thread here 1s the most basic unit in terms of which
the operating system assigns the processor’s execution time.

Previously, many mulfitasking operating systems such as
UNIX employed a process as a basic unit, but in recent
UNIX and Windows NT, multiple threads can be allocated
to one process, and most of the functions implemented by
multiprocessing can now be 1implemented by multithreading.
In previous systems using multiprocessing, information on
all resources, including virtual memory space, 1s stored
temporarily, and 1nterprocess communication 1S necessary in
order to share the information between processes; here, the
performance of the interprocess communication becomes a
bottleneck that limits the overall performance of the system.
In the case of multithreading, on the other hand, since many
memory spaces including virtual memory space are shared,
this kind of bottleneck can be avoided.

FIG. 4(a) shows a conceptual diagram of the transmit
buffer. The buffer has a so-called queue structure. SB1 to
SB35 are buffer sections where data are actually stored, and
IP 1ndicates the mput pointer and SP the transmit pointer.
The 1nitial values of the mput pointer and transmit pointer
are both SB1. The input pointer IP 1s updated each time data
for one frame 1s read from the DVC encoder 106 and stored
in a buifer section. On the other hand, the transmit pointer
SP is updated each time data 1n a buffer section 1s transmitted
out onto the network. More specifically, the input pointer
and the transmit pointer both move from one buifer section
to the next as they are updated, that 1s, from SB1 to SB2,
then from SB2 to SB3, and returning to SB1 after SBS.

In the present invention, the transmit buifer can be of any
size as long as 1t 1s larger than the receive bufler. In the
example shown here, the transmit buffer size 1s set to five
frames.
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The actual transmitting process will be described below
with reference to FIG. 2. In the 1nput thread, processing 1s
performed 1n 201, such as establishing a logical connection
with the receiving terminal 103 and securing and 1nitializing
the transmit buffer. Next, in 202, the transmit thread 1s
created. Then, mn 203, frame data generated by the DVC
encoder 106 1s written to the transmit buffer at the address
indicated by the input pointer. In 204, the input pointer is
updated to point to the transmit buffer address at which the
next data 1s to be stored. Conditional branches are provided
at 205 where it 1s determined whether the transmitting
process 1s to be continued or not. If 1t 1s to be continued, the
process from 203 onward 1s repeated. If 1t 1s determined in
205 that the transmitting process 1s not to be continued, a
transmit thread termination nofification 1s generated in 206
to cause the transmit thread to terminate, and at the same
fime, the execution of the mput thread 1s terminated 1n 207.

The transmit thread 1s created in step 202 in the input
thread. First, 1n 208, processing such as initialization of the
transmit pointer 1s performed. If 1t 1s determined 1n 209 that
there 1s frame data at the transmit buifer address indicated by
the transmit pointer, then the data 1s transmitted out 1n 210.
After the data 1s transmitted out, the contents of the buffer
indicated by the transmit pointer are cleared in 211, and in
212 the transmit pointer 1s updated to point to the transmit
buffer address at which the next data to be transmitted 1s
stored. Conditional branches are provided at 213 where 1t 1s
determined whether the transmit thread 1s to be continued or
not. If 1t 1s to be continued, the process from 209 onward 1s
repeated. On the other hand, 1f the transmit thread termina-
tion notification 216 1s received, the execution of the thread
1s stopped, and the transmit thread 1s terminated 1n 214.

Next, the processing at the receiving terminal 103
described with reference to FIG. 1 will be explained from
the standpoint of the control program with reference to FIG.
3.

FIG. 3 1s a flow chart of the control program of the
receiving terminal 103. This program 1s stored in the
memory 114 and executed by the CPU 113. The control
program of the receiving terminal 103 executes two threads,
a receive thread and an output thread, in time division
fashion to accomplish the receiving process. At this time, a
receive bulfer 1s used to temporarily store the DVC data, and
the receive buller 1s accessed 1n accordance with a receive
pointer pointing to the storage location (address) where the
received data 1s to be stored and an output pointer pointing
to the storage location (address) where data to be output is
stored. The receive buller 1s implemented, for example, as
part of the memory 114.

FIG. 4(b) shows a conceptual diagram of the receive
buffer. This buffer has the same structure as the previously
described transmit buffer structure. RB1 to RBS are buifer
sections where data are actually stored, and RP indicates the
receive pointer and OP the output pointer. The 1nitial values
of the receive pointer RP and output pointer OP are both
RB1. The receive pointer RP 1s updated each time data is
received from the network and stored 1n a buffer section, and
the output pointer OP 1s updated each time data 1n a buifer
section 1s output to the DVC decoder 112. More speciiically,
the recerve pointer and the output pointer both move from
one buller section to the next as they are updated, that 1s,
from RB1 to RB2, then from RB2 to RB3, and returning to
RB1 after RBS.

In the present invention, the receive buifer size and the
number of frames of a real time to be accumulated 1n
advance are arbitrary within the range that does not 1impair
the real time requirement of the signal. In the example
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shown here, the receive bufler size 1s set to five frames and
the number of frames to be accumulated 1n advance 1s set to
four frames.

In the receive thread, processing 1s performed 1n 301, such
as establishing a loglcal connection with the transmlttmg
terminal 102 and securing and 1nitializing the receive buffer.
Next, in 302, frame data 1s received, the frame data 1s written
to the receive bufler at the address indicated by the receive
pointer, and then the receive pointer 1s updated; this
sequence of processing 1s repeated for four successive
frames. Next, the output thread 1s created 1n 303. If, 1n 304,
there 1s frame data to be received, then in 305 the data 1s
received and written to the receive buifer at the address
indicated by the receive pointer. Then, the receive pointer 1s
updated 1n 306.

Conditional branches are provided at 307 where 1t 1s
determined whether the receiving process 1s to be continued
or not. If 1t 1s to be continued, the process from 304 onward
1s repeated. On the other hand, if it 1s determined 1n 307 that
the rece1ving process 1s not to be continued, an output thread
termination nofification 1s generated 1in 308 to cause the
output thread to terminate, and at the same time, the execu-
tion of the receive thread i1s terminated in 309.

The output thread 1s created in step 303 1n the receive
thread. First, 1n 310, processing such as initialization of the
output pointer 1s performed. Next, in 311, frame data at the
address 1ndicated by the output pointer 1s transferred from
the receive bullfer to the DVC decoder 112 shown 1n FIG. 1.
The transferred frame data 1s decoded and output to the
monitor 105 shown 1n FIG. 1. Then, 1n 312, the contents of
the receive bulfer indicated by the receive pointer are
cleared, and 1n 313 the output pointer 1s updated to point to
the receive buifer address at which the next data to be output
1s stored. Conditional branches are provided at 314 where 1t
1s determined whether the output thread 1s to be continued or
not. If 1t 1s to be continued, the process from 311 onward 1s
repeated. On the other hand, if the output thread termination
notification 1s received, the execution of the thread i1s
stopped, and the output thread is terminated in 315.

FIGS. 5 and 6 are timing charts according to the embodi-
ment of the present invention. FIG. 5 1s a timing chart 1n a
normal operating condition, and FIG. 6 1s a timing chart
when the transmission capacity of the network 1s tempo-
rarily restricted due to congestion, etc. In FIGS. 5 and 6, 501
and 601 indicate the timing for reading data from the DVC
encoder at the transmitting terminal, 502 and 602 the timing
for transmission to the network, 503 and 603 the state of the
transmit buifer, 504 and 604 the timing at the receiving
terminal for receiving data from the network, 505 and 605
the timing for outputting frame data to the DVC decoder,
and 506 and 606 the state of the receive buifer. The hatched
portions 1 FIGS. § and 6 are data invalid portions where
actual real time signal data 1s not handled. Data valid
portions are each shown without breaks, but in actual
communications, data 1s transmitted 1n an intermittent man-
ner; accordingly, the valid portions 1 FIGS. § and 6 mean
portions during the period of which valid data is transmatted.

Here, since transmission delays, fluctuations, etc. do not
affect the essential characteristics of the present invention,
for simplicity the timing charts assume conditions of a
constant delay and no fluctuations.

First, the embodiment of the present mvention will be
described with reference to the timing chart of FIG. 1
illustrating the normal operating condition.

Symbols FA0O to FA10 1n the figure designate frame data
being handled at the respective times, the same symbol
indicating the same frame data.
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Reference numeral 501 shows the timing for reading real
time signal data from the DVC encoder 106 at the trans-
mitting terminal 102. As shown by 501, the data is read into
the transmit builer precisely at intervals of one frame period
T1 (1000/30=33.3 [msec]). T2 denotes a valid data period
during which valid data 1s read from the DVC encoder 106,
and T3 an mvalid data period. T2 and T3 are both constant
values such that T2+13=T1. That 1s, 1n practice there 1s no
need to read data into the transmit buffer during the period
13.

Reference numeral 502 shows the transmit timing for the
real time signal data transmitted out onto the network by the
ATM-NIC 110 at the transmitting terminal 102. As shown by
502, T4 1s a valid data portion for the transmit data and TS
is an invalid portion (T4+T15=T1). The ratio of T4 to TS is
determined by the bit rate of the transmit data and the
transmission capacity of the network including the NIC. As
1s apparent, transmission of real time signals requires that
the transmission capacity of the network be greater than the
bit rate of the data actually transmitted in the normal
operating condition. This means that valid data 1s transmut-
ted 1n a time interval shorter than one frame time interval
(T4<T1).

Shown at 503 1s a schematic diagram 1llustrating the state
of the transmit buffer at the transmitting terminal 102,
starting from the time at the left edge of the diagram. S1 to
S6 designate the buifer sections, and FA4 to FAY 1n the
diagram indicate the frame data stored in the buffer at the
respective times and the position of that data. Further,
arrows IP1 to IP6 1n the diagram indicate the position of the
input pointer at the respective times, and likewise, SP1 to
SP6 indicate the position of the transmit pointer.

Reference numeral 504 shows the receive timing for the
real time signal data that the ATM-NIC 116 at the receiving
terminal 103 receives from the network. Since 1t 1s assumed
that the transmission delay is constant, and no fluctuations
are considered, the valid data and invalid data periods are the
same 1n length as T4 and T3, respectively, 1n the transmait
timing. T6 indicates the transmission delay with respect to
the transmit timing,.

Reference numeral 505 shows the timing for outputting
the real time signal data to the DVC decoder 112 at the
receiving terminal 103. As shown by 5035, the data 1s read
from the receive bufler precisely at intervals of one frame
period T1. As 1n the read timing at the transmitting terminal
102, T2 denotes a valid data period during which valid data
1s transferred to the DVC decoder 112, and T3 an invalid
data period, T2 and T3 both being constant values. That 1s,
in practice there 1s no need to transfer data to the DVC
decoder 112 during the period T3.

Shown at 506 1s a schematic diagram illustrating the state
of the receive bulfer at the receiving terminal, starting from
the time at the left edge of the dlagram R1 to R6 designate
the buifer sections, and FAO to FAS8 1n the diagram indicate
the data stored 1n the buifer at the respective times and the
position of that data. Further, arrows RP1 to RP6 m the
diagram indicate the position of the receive pointer at the
respective times, and likewise, OP1 to OP6 indicate the
position of the output pointer.

Next, the condition where the transmission capacity of the
network 1s temporarily restricted due to congestion, etc. will
be described with reference to the timing chart shown in
FIG. 6. Symbols FB0 to FB10 1n the figure designate frame
data being handled at the respective times, the same symbol
indicating the same frame data.

Reference numeral 601 shows the timing for reading real
time signal data from the DVC encoder 106 at the trans-




US 6,278,691 Bl

11

mitting terminal 102. As 1 the case of FIG. §, the data 1s
read into the transmit buifer precisely at intervals of one
frame period T1. T2 denotes a valid data period during
which valid data 1s read from the DVC encoder 106, and T3
an 1nvalid data period, T2 and T3 both being constant values.

Reference numeral 602 shows the transmit timing for the
real time signal data transmitted out onto the network by the

ATM-NIC 110 at the transmitting terminal 102. Unlike the
case of FIG. §, in FIG. 6 time T7 (T7>T1) is required for the
transmission of FB4 because the transmission capacity of
the network 1s restricted during congestion. When the con-
gested condition 1s cleared, the transmission capacity gradu-
ally recovers as a result of the previously described conges-
tion control, so that transmission of the next frame data FBS
takes time T8 (T7>T8>T1>T4). Starting with the transmis-
sion of frame data FB6, the network returns to the normal
condition and each frame 1s transmitted in time T4. Further,
since data continues to be transmitted as long as there 1s data
in the transmit buffer indicated by the transmit pointer, valid
data transmission continues without interposing data invalid
portions, unlike the normal operating condition.

Shown at 603 1s a schematic diagram 1llustrating the state
of the transmit buffer at the transmit terminal 102, starting
from the time at the left edge of the diagram. S7 to S12
designate the buifer sections, and FB4 to FB9 in the diagram
indicate the data stored 1n the buffer at the respective times
and the position of that data. Further, arrows IP7 to IP12 1n
the diagram indicate the position of the mput pointer at the
respective times, and likewise, SP7 to SP12 indicate the
position of the transmit pointer. S7 to S12 1n the diagram
correspond to S1 to S6 1 FIG. 5. In S1 to S6, the frame data
accumulated in the buffer at any given time 1s only one that
1s stored 1n the bufler section indicate by the transmit
pointer; on the other hand, 1n 87 to S12, since the next frame
data 1s read into the bufler before the current frame data is
sent out, data for multiple frames are stored, starting with
S8.

Reference numeral 604 shows the receive timing for the
real time signal data that the ATM-NIC 116 at the receiving
terminal 103 receives from the network. Since 1t 1s assumed
that the transmission delay 1s constant, and no fluctuations
are considered, the data receiving time 1s the same as that 1n
the transmit timing. T6 1ndicates the transmission delay with
respect to the transmit timing.

Reference numeral 605 shows the timing for outputting
the real time signal data to the DVC decoder 112 at the
receiving terminal 103. As 1n the case of FIG. §, the data 1s
read from the receive bufler precisely at intervals of one
frame period T1. As 1n the read timing at the transmitting
terminal 102, T2 denotes a valid data period during which
valid data 1s transferred to the DVC decoder 112, and T3 an
invalid data period, T2 and T3 both being constant values.

Shown at 606 1s a schematic diagram 1llustrating the state
of the receive bufler at the receiving terminal 103, starting
from the time at the left edge of the diagram. R7 to R12
designate the buffer sections, and FB0 to FBS8 1n the diagram
indicate the data stored 1n the buffer at the respective times
and the position of that data. Further, arrows RP7 to RP12
in the diagram indicate the position of the receive pointer at
the respective times, and likewise, OP7 to OP12 indicate the
position of the output pointer. R7 to R12 1n the diagram
correspond to R1 to R6 1n FIG. 5. In R1 to R6, frame data
for four frames are accumulated, from the buffer section
indicated by the output pointer to the buifer section indicated
by the receive pointer, at any given time, and the number of
accumulated frames 1s thus constant. On the other hand, 1n
R7 to R12, since frame data 1s output before the next frame
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data 1s received, the number of accumulated frames at each
instant in time begins to decrease at R8 and, when recovered
from the congestion at R12, begins to increase and continues
to increase until four frames are accumulated, thus returning
to the normal operating condition.

The important point of the present invention 1s that even
when the transmission capacity 1s temporarily restricted due
to congestion, etc. rendering 1t impossible to transmit a real
time signal within the real time, since data are accumulated
in advance at the receiving terminal the real time signal can
be output without interruption as long as the accumulated
data are output, and when recovered from the congestion,
the valid data accumulated in the transmit buffer are trans-
mitted successively until data for a prescribed number of
frames are accumulated 1n the receive buffer as in the
previous normal operating condition.

(Embodiment 2)

FIG. 8 1s a block diagram showing a second embodiment
of the present invention. In the figure, reference numeral 801
1s a master tape on which a DVC-compressed digital signal
1s prerecorded, 802 1s a DVC player for playing back the
master tape 801 and for outputting the prerecorded digital
signal, 803 is a DVC interface (DVC-I/F) for transferring the
digital signal output from the DVC deck 802 into the
memory 108 via the PCI bus 111, 804 1s a DVC-IF for
outputting via the PCI bus 117 the DVC data stored 1n the
memory 114 at the receiving terminal, 805 1s a subtape for
recording the received DVC data, and 806 1s a DVC recorder
for recording the DVC data on the subtape 805. The same
constituent elements as those in FIG. 1 are designated by the
same reference numerals. In FIG. 8, the DVC player 802 and
the DVC recorder 806 operate with clocks of the same
frequency.

According to the above configuration, between remote
terminals interconnected over an ATM network, all frame
data on the master tape connected to the transmitting ter-
minal can be copied onto the subtape connected to the
receiving terminal without impairing the real time require-
ment.

(Embodiment 3)

FIG. 9 1s a block diagram showing a third embodiment of
the present invention. In the figure, reference numeral 901 1s
a disk medium on which DVC-compressed data 1s prere-
corded. Not only can the disk medium 901 be read faster
than the real time of the recorded DVC data, but 1t also
permits random access to the recorded data. Otherwise, the
conilguration 1s the same as that shown in FIG. 1, and the
same constituent elements are designated by the same rel-
erence numerals between the two figures.

The disk medium 901 may be constructed from a semi-
conductor memory or the like as long as 1t permits random
access and can be read faster than the real time of the
recorded data.

Actual processing 1n this embodiment will be described
with reference to FIGS. 10 and 11.

FIG. 10 1s a flow chart 1llustrating the control program of
the transmitting terminal 102. The same constituent ele-
ments as those 1 FIG. 2 are designated by the same
reference numerals. The flow of this embodiment differs
from that of FIG. 2 in that an 1mage for transmission 1s
selected before transmission because data at the transmitting
terminal 1s recorded on a randomly accessible medium, and
in that each time a frame data request 1s received, synchro-
nization 1s established with the receiving terminal 103 by
sending data, since the medium can be read faster than the
real time.

First, in 1001, an 1image selection notification is received
from the recerving terminal, and 1n 1002, the selected image
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1s transmitted 1in accordance with the 1nstruction. The receiv-
ing terminal checks the received image, decides whether or
not to determine the selection, and sends the decision
notification. In 1003, an appropriate branch is chosen 1n
accordance with the decision notification sent from the
receiving terminal. When the selection 1s determined, the
transmit thread 1s created, as in the case of FIG. 2.
Thereafter, the input thread reads the next frame data each
fime a frame data request notification 1s received in 1004.
Otherwise, the process 1s the same in operation as that
shown 1n FIG. 2. The transmit thread 1s the same 1n
operation as that shown 1n FIG. 2.

FIG. 11 1s a flow chart illustrating the control program of
the receiving terminal 103. The same constituent elements as
those 1 FIG. 3 are designated by the same reference
numerals. The flow of this embodiment differs from that of
FIG. 3 1n that an 1mage for transmission 1s selected before
fransmission because data at the transmitting terminal is
recorded on a randomly accessible medium, and 1n that each
fime a frame data request 1s received, synchronization 1is
established with the receiving terminal 103 by sending data,
since the medium can be read faster than the real time.

First, 1n 1101, the receiving terminal 103 sends an 1mage
selection notification, and in 1102, the image transmitted 1n
accordance with the instruction 1s displayed. The receiving
terminal 103 checks the received 1mage and decides whether
or not to determine the selection 1n 1103, and 1if the selection
1s determined, sends the decision notification 1n 1104. When
the selection 1s determined, then 1n 1105 a moving image
data request nofification 1s sent to the transmitting terminal
102 and moving image data for a prescribed number of
frames are received, and the output thread 1s created, as in
the case of FIG. 3. Thereafter, the receive thread performs
the same operation as that in FIG. 3. In the output thread, on
the other hand, each time 1mage data 1s output to the external
monitor, a request notification for the next moving image
data to receive 1s sent to the transmitting terminal 1n 1106.
Otherwise, the process 1s the same in operation as that
shown 1n FIG. 3.

According to the above embodiment, moving 1image data
1s recorded on a randomly accessible disk medium capable
of being read faster than the real time of the recorded DVC
data, so that a moving 1image recorded at any location on the
disk medium can be retrieved quickly, and after the selection
1s determined, the real time signal can be transmitted without
interruption while maintaining synchronization with the
fransmitting terminal via the network.

(Embodiment 4)

FIG. 12 1s a block diagram showing a fourth embodiment
of the present invention. In the figure, reference numerals
1201, 1203, and 1205 are cameras corresponding to 101 1n
FIG. 1, 1202, 1204, and 1206 are transmitting terminals
which are 1dentical 1n configuration to 102 shown 1n FIG. 1,
and 1207 1s a receiving terminal which 1s idenfical in
configuration to 103 shown in FIG. 1.

According to this embodiment, when selecting a trans-
mitting terminal, received data 1s immediately displayed on
the monitor, and after determining the transmitting terminal
selection, frame data for a prescribed number of frames are
accumulated and then the 1mage 1s displayed on the monitor;
in this way, the desired transmitting terminal can be selected
quickly, and once the selection 1s determined, the received
image can be displayed without mterruption.

The embodiments of the present invention have been
described as using the TCP/IP transmission protocols for
example, but since the essential characteristic of the present
invention 1s that data i1s output without interruption even
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when the transmission capacity 1s temporarily restricted due
to retransmissions or when transmitting means has a con-
gestion control mechanism, the 1nvention 1s not limited to
using TCP/IP and configurations using other protocols hav-
ing similar functions should not be excluded from the scope
of the present invention.

Further, the embodiments of the present invention have
been described as handling only moving images for
example, but it will be appreciated that the invention can
also be applied to configurations where both moving 1mage
and voice signals are transmitted simultaneously, by using,
for example, time division multiplexing techniques.

As described above, according to the communications
system of the present invention, at the transmitting terminal,
processing for reading a real time signal and processing for
sending 1t out on the network are performed by using
multithreading techniques, and at the receiving terminal, real
fime signal data for a prescribed number of frames are
accumulated first, and then processing for receiving real
fime signal data from the network and processing for out-
putting the accumulated data to the external monitor are
performed by using multithreading techniques; this enables
the real time signal to be output to the external monitor
without interruption, even when the transmission capacity 1s
temporarily restricted due to congestion, etc. on the network
and transmission of the real time signal within the real time
1s rendered 1mpossible.

In one preferred embodiment of the present invention, the
real time signal transmitted from the transmitting terminal 1s
a signal reproduced from a master tape on which the real
time signal 1s prerecorded, and the real time signal 1s then
recorded on a subtape at the receiving terminal; 1n this way,
between apparatuses connected via a network it becomes
possible to duplicate the tape with the real time signal
recorded thereon without causing interruptions in the
recorded signal.

In another preferred embodiment of the present invention,
the real time signal to be transmitted from the transmitting
terminal 1s prerecorded on a medium that 1s capable of being
read faster than the real time of the recorded data and that
permits random access to the recorded data; when searching
for the location of desired data for transmission, the received
data 1s immediately displayed on the monitor, and after the
location 1s determined, frame data for a prescribed number
of frames are accumulated first and then output for display
on the monitor, each time followed by transmission of a data
request notification to the transmitting terminal. In this way,
a moving 1image recorded at any location on the medium can
be retrieved quickly, and once the location 1s determined, the
real time signal can be transmitted without interruption
while maintaining synchronization with the transmitting
terminal.

In a further preferred embodiment of the present
invention, a plurality of transmitting terminals are provided,
and one of the transmitting terminals 1s selected to transmit
data to the receiving terminal; when selecting a transmitting
terminal, received data 1s immediately displayed on the
monitor, and after determining the transmitting terminal
selection, frame data for a prescribed number of frames are
accumulated first and then the 1image 1s displayed on the
monitor. In this way, the desired transmitting terminal can be
selected quickly, and once the selection 1s determined, the
received 1mage can be displayed without interruption.

Thus, 1n a network having a transmission capacity greater
than the transmission rate of a real time signal, the present
invention offers an enormous advantage 1n that the real time
signal received from the transmitting end can be output at
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the receiving end without interruption even when the trans-
mission capacity 1s temporarily restricted due to congestion,
ctc.

What 1s claimed 1s:

1. A communications system for communication of a real
fime signal having a real time requirement, comprising:

real time signal generating means for generating said real
time signal of data rate R with one frame as one unit;

real time signal transmit buffer means for temporarily
storing said real time signal;

real time signal transmitting means for transmitting said
real time signal;

fransmission means, having a transmission rate C (C>R),
over which said real time signal 1s transmitted;

real time signal receiving means for receiving said real
time signal transmitted from said real time signal
fransmitting means over said transmission means;

real time signal receive buffer means for temporarily
storing said real time signal received by said real time
signal receiving means; and

real time signal outputting means for outputtmg said real
time signal stored 1n said real time signal receive bufler
means, wherein

alter sorting said real time signal for a prescrlbed number,
N, of frames 1n said real time signal receive buifer
means, said real time signal outputting means 1is
activated, thereby performing control so that all gen-
erated portions of said real time signal can be output at
the receiving without mterruption,

and said real time signal has both image and voice signals

which are transmitted simultaneously.

2. A communications system according to claim 1, further
comprising real time signal recording means for recording
said real time on a recording medium, wherein said real time
signal stored 1n said receive buifer means 1s recorded on said
recording medium as said real time signal 1s output by said
real time signal outputting means.

3. A communications system for communication of a real
fime signal having a real time requirement, comprising:

real time signal reproducing means for reproducing a real
time signal of data rate R 1n real time with one frame
as one unit by playing back a first information record-
ing medium on which said real time signal 1s prere-
corded,;

real time signal transmit buffer means for temporarily
storing said real time signal;

real time signal transmitting means for transmitting said
real time signal;

fransmission means, having a transmission rate C (C>R),
over which said real time signal 1s transmitted;

real time signal recerving means for receiving said real
time signal transmitted from said real time signal
transmitting means over said transmission means;

real time signal receive buffer means for temporarily
storing said real time signal received by said real time
signal receiving means; and

real time signal recording means for recording in real time
said real time signal stored in said real time signal
rece1ve buller means onto a second information record-
ing medium, wherein

alter storing said real time signal for a prescrlbed number,
N, of frames 1n said real time signal receive builer
means, said real time signal recording means i1s
activated, thereby performing control so that all repro-
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duced portions of said real time signal can be recorded
on said second information recording medium without
interruption,

and said real time signal has both image and voice signals

which are transmitted simultaneously.

4. A communications system according to claim 3, further
comprising: real time signal reproduction control means for
externally controlling reproduction start timing of said real
time signal reproducing means; and real time signal record-
ing control means for controlling recording start timing of
said real time signal recording means, wherein control is
performed so that all or part of said real time signal
prerecorded on said first information recording medium can
be recorded on said second information recording means.

5. A communications system comprising;:

a real time signal recording medium on which real time
signal data having a real time requirement 1s prere-
corded on a frame by frame basis;

real time signal reproducing means capable of reading
said real time signal prerecorded on said real time
signal recording medium faster than real time, and
capable of randomly accessing said real time signal;

real time signal transmit buffer means for temporarily
storing said real time signal;

real time signal transmitting means for transmitting said
real time signal;

transmission means over which said real time signal 1s
transmitted;

real time signal receiving means for receiving said real
time signal transmitted from said real time signal
transmitting means over said transmission means;

real time signal receive bufler means for temporarily
storing said real time signal received by said real time
signal receiving means; and

real time signal outputting means for outputting said real
time signal stored 1n said real time signal receive buifer
means, wherein

after storing said real time signal for a prescribed number,
N, of frames 1 said real time signal receive bufler
means, said real time signal outputting means 1s
activated, and

cach time said real time signal outputting means outputs
said real time signal of a prescribed unit, a receive
notification 1s sent to said real time signal transmitting
means, and 1f said receive notification does not reach
said real time signal transmitting means within a pre-
determined time, said real time signal read by said real
time signal reproducing means 1s added to said real
time signal transmit buffer means, thereby performing
control so that all portions of said real time signal
generated from said real time signal transmitting means
can be output at the receiving side without interruption,

and said real time signal has both image and voice signals
which are transmitted simultaneously.

6. A communications system for communication of a real

time signal having a real time requirement, comprising:

a plurality of real time signal generating means, each for
generating said real time signal of data rate R with one
frame as one unit;

a plurality of real time signal transmitting means respec-
tively connected to said plurality of real time signal

generating means;

a plurality of real time signal transmit buifer means for
temporarily storing said real time signals respectively
generated by said plurality of real time signal generat-
Ing means;

a plurality of real time signal transmitting means respec-
tively connected to said plurality of real time signal
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transmit buifer means, for transmitting said real time when selecting said real time signal to be received by said
signals; real time signal receiving means, the real time signal to
transmission means, having a transmission rate C (C>R), be received 1s output Sequen‘[ially from said real time
over which said real time signals are transmitted; signal transmitting means, and once the selection 1s
selecting means for selecting one of said plurality of real > determined, after storing said real time signal for a
fime signal transmitting means; prescribed number, N, of frames 1n said real time signal
real time signal receiving means for receiving said real recerve buffer means said real time signal outputting
time signal transmifted from said real time signal means 1S activated, thereby performing control so that,
transmitting means sclected by said selecting means; after the selection 1s determined, all generated portions
real time signal receive buffer means for temporarily 0 of said real ime signal can be output at the receiving
storing said real time signal received by said real time end without nterruption,
signal receiving means; and and said real time signal has both image and voice signals
real time signal outputting means for outputting said real which are transmitted simultaneously.

time signal stored in said real time signal receive buifer
means, wherein £ % % % %
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